Rheumatoid arthritis (RA) is a chronic immuno-inflammatory disease that primarily involves synovium. Thus, the study of synovial tissue samples may provide insight into the pathogenesis of the disease and the efficacy of treatments [1] .
RA is a clinically, genetically and histologically heterogeneous disease, and recent data also show pathophysiological differences between patients [2] . Therefore, identification of new variants of RA may have prognostic and therapeutic implications.
The systematic study of rheumatoid synovitis has revealed that, although there is increased cellularity in the synovial lining layer and an over-representation of plasma cells and macrophages in the sublining [3] , these changes are not specific for RA, some studies finding no differences in these synovial components between RA and psoriatic arthritis (PsA) [4, 5] .
RA synovitis is characterized by overexpression of Th1-derived cytokines, whereas in spondyloarthropathies (SpA) Th2 or Th0 patterns predominate [6] . Furthermore, the macroscopic appearance of rheumatoid synovium displays some differences compared with SpA. Systematic descriptions of synovial vascular morphology have been performed using rheumatological arthroscopy and show that RA patients predominantly exhibit a straight (S) pattern, whereas in SpA patients a tortuous (T) pattern predominates [7, 8] . However, the T and mixed (M) patterns have also been described in RA patients [9, 10] . These distinct synovial vascular patterns could reflect different pathogenic mechanisms of angiogenesis among RA and SpA synovitis [9] , but possibly also among RA patients with different vascular patterns.
Angiogenesis or vascular proliferation has a pivotal role in the pathogenesis of RA, determining both the hyperplasic and the destructive character of synovium [11] . Angiogenesis is regulated by the imbalance between pro-angiogenic and anti-angiogenic factors [12] , and occurs early in the course of synovitis [13, 14] . Angiogenic mediators such as vascular endothelial growth factor (VEGF), transforming growth factor (TGF)-, interleukin (IL)-8, tumour necrosis factor (TNF)-and IL-1 have all been demonstrated in RA synovium and implicated in the pathogenesis of joint destruction [15] .
Previous studies have reported an association between the T pattern and the expression of angiogenic mediators in PsA [13, 14] , but studies analysing the association between the different synovial vascular patterns reported in RA patients and the expression of angiogenic factors are lacking.
Stratification of RA patients according to their different vascular patterns could identify RA subsets with differing prognoses. This could have therapeutic implications, as angiogenic factors or cytokines involved in angiogenesis, such as TNF-, have been shown to be potential therapeutic targets in inflammatory arthritis [16] .
The aim of this study was to determine whether different subsets of RA patients classified by their synovial vascular pattern exhibit clinical or biological differences or a distinct expression of angiogenic markers in synovial tissue or serum.
Patients and methods

Patients
All consecutive patients meeting the ACR criteria for RA [17] who underwent a diagnostic or therapeutic arthroscopy in the Arthritis Unit of the Hospital Clinic of Barcelona between November 1999 and April 2001 were included. All 27 patients had active synovitis, with inflammatory knee or wrist synovial effusion. Parameters analysed at the time of the arthroscopy were: sex, age, disease duration, DMARDs, number of DMARDs taken, NSAIDs, oral steroids, rheumatoid factor (RF), erosive disease, ESR, CRP and IL-6 serum levels. The study was approved by the Ethics Committee of the Hospital Clinic of Barcelona.
Arthroscopy and biopsy handling
An arthroscopy was performed in all patients under local anaesthesia at the Rheumatological Arthroscopy Unit. All patients gave informed consent. A 2.7 mm diameter arthroscope (Storz, Tuttlingen, Germany) was used. The joint was systematically explored in all cases and images video-recorded using a computerized analysis system (Studio PCTV; Pinnacle Systems, Braunschweig, Germany). Vascular patterns were assigned according to the distribution of vascular morphology throughout the joint and classified in three patterns: straight (S), tortuous (T) and mixed (M) as described previously [9] . Eight synovial samples were obtained at each arthroscopy from the suprapatellar pouch and the medial gutter. Biopsy specimens were fixed in 4% formaldehyde and embedded in paraffin.
Immunohistochemical analysis
Paraffin sections were subjected to antigen retrieval in a pressure cooker when necessary. Slides were immunostained using an automated immunostainer (TechMate 500 Plus; Dako, Carpinteria, CA, USA). Serial sections were incubated with the following antibodies: anti-VEGF (polyclonal goat IgG; R&D Systems, Abingdon, UK), anti-VEGF receptor (VEGFR)-1 (flt-1) (polyclonal rabbit IgG; NeoMarkers, Fremont, CA, USA); anti-VEGFR-2 (KDR/flk-1) (polyclonal rabbit IgG; NeoMarkers); anti-TGF-(polyclonal goat IgG; R&D Systems) and anti-IL-8 (polyclonal goat IgG; R&D Systems). Primary antibodies were detected by an avidin-biotin-peroxidase-based method (EnVision system, Dako). Peroxidase activity was developed with 0.05% hydrogen peroxide and aminoethylcarbazole (Sigma, St Louis, MO, USA). Slides were counterstained with haematoxylin. Preliminary studies in human tonsils, placenta and angiosarcoma tissue were used to optimize antibody concentrations. Negative controls included mouse or rabbit IgG, or normal goat serum, at the highest concentration of primary antibodies.
Digital image analysis
After immunohistochemical staining, all coded slides were subjected to digital image analysis (DIA) by an independent observer (B.G-T.) who was blinded to the clinical data. For all markers, three separate representative regions were chosen to evaluate each section. At least five high-power fields were measured from each region using the AnalySIS B Image processing program (Olympus Õ ) as described previously in detail [18, 19] . We calculated the integrated optical density as the product of staining area and intensity corrected for the area of each section stained.
In addition, we studied the distribution of the immunostaining of every factor in different areas of synovial tissue (lining, endothelium, sublining, perivascular infiltrate).
ELISA of angiogenic factors in serum
Serum VEGF, TGF-and IL-8 levels were determined at the time of arthroscopy, with a standard sandwich enzyme-linked immunoabsorbent assay (ELISA) (human quantikine, R&D Systems) using specific monoclonal and polyclonal antibodies, according to the manufacturer's protocols. For each analysis, 100 l of serum was used. All the analyses were performed in duplicate. Sensitivity was 9 pg/ml for VEGF, 7 ng/ml for TGFand 10 pg/ml for IL-8.
Statistics
Differences between pairs of groups were analysed by the non-parametric Mann-Whitney U-test using SPSS version 11.0 software.
Results
Vascular patterns and clinical and demographic characteristics
Clinical and demographic characteristics are shown in Table 1 . Twenty-seven consecutive RA patients were analysed. Disease duration (mean±S.D.) was 60.3±90 months, 28-joint disease activity score (DAS28) was 4.7±1, 70.4% of patients were positive for RF, 40.7% had erosive disease, 19 out of 27 (70%) were being treated with DMARDs [15 with methotrexate (12.5-25 mg), two with methotrexate and infliximab, one with intramuscular gold and one with hydroxychloroquine] and had received 1.7±2.1 DMARDs per patient. The DMARDs used were hydroxychloroquine, intramuscular gold, methotrexate, leflunomide, salazopyrine, cyclophosphamide, azathioprine and TNF-antagonists.
Patients were classified in three subgroups according to their different vascular synovial patterns. Eleven out of 27 (41%) patients had the S pattern, nine (33%) the M pattern and seven (26%) the T pattern. RF was positive in 73 and 89% of patients in the S and M groups, respectively, in contrast to 43% in the T group, with a trend to significance (P ¼ 0.2 and P ¼ 0.1, respectively). Disease duration was significantly higher in the S (93.4±110 months) than in the M (46.8±81.5 months) and T (25.7±48.5 months) groups (p 0.05). Six out of seven patients with the T pattern were HLA-B27-negative. The only HLA-B27-positive patient was also RF-positive. There were no significant differences between the groups in DAS28 score or in the percentage of patients receiving DMARDs, NSAIDs or oral steroids at the time of arthroscopy. However, the total number of DMARDs received per patient showed a statistical trend to be higher in the S and M groups than in the T group (P ¼ 0.2 and 0.15, respectively). Fifty-five per cent of RA patients in the S group had erosive disease compared with 44% in the M and 14% in the T group (P ¼ 0.04 between the S and T groups and P ¼ 0.2 between the M and T groups).
Inflammatory activity measured by CRP was significantly higher in the M group than in the T group (P ¼ 0.03), and showed a strong trend to significance (P ¼ 0.07) between the S and the T group. IL-6 serum values were significantly higher in the S and M groups than in the T group (P<0.02) ( Table 1 ).
Immunohistochemical evaluation (Table 2 and Fig. 1) VEGF was localized predominantly in perivascular cells, sublining cells and, to a lesser extent, in the lining and endothelium. Using a DIA technique, we detected significant differences in the mean VEGF integrated optical density (IOD) between the S and the M groups (P ¼ 0.008), and a statistical trend between the T and M groups (P ¼ 0.08). Interestingly, VEGF expression in the lining was observed in 36% of patients with the S pattern, in 11% with the M pattern and in no patient with the T pattern. However, VEGF expression in endothelium was somewhat more frequent in the T (60%) than in the S (40%) and M (22%) groups.
TGF-was observed in all synovial compartments, although expression was higher in the sublining and perivascular areas. TGF-expression was significantly higher in the T than in the S group (P ¼ 0.04) and a statistical trend also was observed between the T and the M groups (P ¼ 0.1). All patients in the S and M groups displayed TGF-in the perivascular infiltrate compared with 55% of patients in the T subgroup.
IL-8 expression was predominant in the sublining and perivascular infiltrate, but also was observed in the lining, endothelium and extracellular matrix in 30-60% of patients. IL-8 showed a statistical trend to higher expression in the M compared with the T group (P ¼ 0.1), while there were no marked differences in its distribution through the synovium.
VEGFR-1 (flt-1) displayed diffuse expression in the lining and sublining layers; VEGFR-2 (KDR/flk-1) was expressed predominantly in the endothelium and perivascular cells and diffusely in the sublining. Expression in endothelium was somewhat more frequent in samples with the T pattern. VEGFR-1 and VEGFR-2 expression did not differ significantly between groups.
Markers of angiogenesis in serum (Table 2) VEGF serum level showed a trend to significance between the S and M groups (P ¼ 0.1). There were no significant differences in serum levels of TGF-or IL-8 between the three vascular patterns. TGF-and IL-8 serum levels were low, within the range of normality, and did not differ between groups.
Discussion
This study analysed synovial vascular patterns in a cohort of patients with non-selected active RA and their association with angiogenic mediators (VEGF, VEGFR-1, VEGFR-2, TGF-and IL-8) in synovial tissue and serum. It is the first study to attempt to establish different RA subgroups based on different synovial vascular patterns.
The pioneer work by Reece et al. [7] reported that, of 18 patients with early RA, 89% had a synovial vascular pattern of straight, branching vessels (S) and 11% had tortuous, bushy vessels (T), whereas of 26 early SpA patients (14 with PsA and 12 with reactive arthritis), 73% displayed the T and 26% the S pattern. This suggested that distinctive vascular patterns assessed by arthroscopy could reflect different specific vascular factors in the pathogenesis of these arthritides. Other studies by the same group confirmed these results and, in addition, reported that there was a close relationship between angiopoietins, VEGF, MMP-9, TGFand vascular morphology in PsA [13, 14] . However, in a study assessing the diagnostic usefulness of the vascular pattern in 100 cases with early and late different inflammatory arthritides, we found that RA patients displayed three distinct synovial vascular patterns and, although the most characteristic was the S pattern, there were also RA patients with the M or T patterns [9] . Other authors also observed heterogeneity in RA synovial morphology, with only 28% of patients displaying an S pattern [10] . These studies suggested the possibility of stratifying RA patients according to their vascular patterns in order to find out whether these patterns were associated with different clinical or pathogenic characteristics.
The present study shows that the S vascular pattern is the most frequent in our cohort of RA patients (41%), a percentage very similar to our previous results [9] but lower than the prevalence of 80-90% found in other studies [7, 8] . Taken together with our previous results [9] , the present study supports the hypothesis of a higher prevalence of RF positivity in the S and M patterns compared with the T pattern. This suggests that vascular morphology could reflect pathophysiological changes characteristic of RA, which is clinically and pathogenically a heterogeneous disease. Unfortunately, these data cannot be compared with those of previous studies, as they did not include the prevalence of RF positivity according to vascular patterns.
The higher prevalence of erosive disease in the S and M groups compared with the T group could be related to shorter disease duration in patients with the T pattern, but there were no statistical differences in disease duration between the M and the T groups. Given that in a previous study we found no evidence of changes in the vascular pattern associated with disease duration [9] , this increase in erosive disease may be due to the fact that the S and M patterns are associated with increased systemic inflammatory activity compared with the T pattern [20] . Although morphological characteristics of synovitis, including vascularity, have been suggested that could change with the intensity of local inflammation [10] , all our patients had active joint inflammation at the time of arthroscopy. Furthermore, DAS28 and the percentage of patients on DMARDs were not different between the different RA vascular pattern groups at the time of arthroscopy. Therefore, the finding of a higher prevalence of erosive disease could also be interpreted to show that RA patients with the S pattern have a poorer outcome than RA patients with the T pattern. The finding that the S group show a statistical trend to higher number of DMARDs received compared with the T group supports this idea.
The prevalence of RF positivity, erosive disease, levels of markers of inflammatory activity (CRP and IL-6) and the number of DMARDs taken in the M and S groups were comparable, posing the question of whether these groups should be classified together, as they share markers of poor clinical outcome. In contrast, the T group had a lower prevalence of RF positivity, erosive disease, lower acute reactant phase levels and a trend to a smaller number of DMARDs received, probably identifying an RA group with a more favourable clinical outcome.
There are no previous studies analysing vascular patterns in RA and their association with the expression of angiogenic factors. Fraser et al. [13] and Fearon et al. [14] compared the T pattern in early PsA with the S pattern in early RA and found that the T pattern was associated with higher levels of VEGF, MMP-9, TGF-and angiopoietin-2 in synovial tissue/fluid compared with the S pattern. Although we found no significant differences in serum levels of VEGF, TGF-and IL-8 between the RA groups studied, we observed a statistical trend to higher VEGF in the S compared with the M group. However, different serum levels of IL-8 were associated with distinct histological variants of rheumatoid synovitis in a recent study [21] . TGF-levels were similar to those reported in RA by other authors [22] . Our negative findings may be due to the small sample size and/or to the fact that angiogenic factors are produced in the synovium and serum levels are usually very low, making it difficult to find significant differences between RA groups.
We observed differential expression of some angiogenic factors in synovial tissue. With respect to VEGF, the S group was characterized by higher levels in the synovium compared with the M group, consistent with serum findings, probably reflecting some pathophysiological differences between these more clinically homogeneous groups. TGF-showed higher levels in the T group compared with the S and M groups. Although TGF-is a strong inducer of VEGF production, its precise role in arthritis remains unclear, but it is thought that the balance between its pro-inflammatory and anti-inflammatory effects in joint inflammation is crucial to RA outcome [23] . However, it has recently been shown that TGF-1 exerts anti-inflammatory effects on antibody-induced arthritis [24] . Given the better clinical outcomes associated with the T group compared with the S and M groups, it is tempting to speculate that high TGF-expression could be protective in RA patients in the T group.
VEGFR-1 and VEGF-R2 were observed in the same synovial sites as VEGF, without differences between groups, emphasizing that angiogenesis was active in our patients, as the VEGF/ VEGFR2 system is responsible for most of the growth signals for vascular endothelial cells [25] . IL-8 expression only showed a statistical trend to higher expression in the M compared with the T group, probably reflecting the higher level of inflammatory activity in the M group. Some mild differences were observed in the synovial location of some factors between the different RA groups. The higher frequency of VEGF expression in the lining of the S group compared with the T group could lead to higher macrophage activity with increased production of pro-inflammatory cytokines and metalloproteinases by signalling of VEGFR-1 (flt-1) [26] . Furthermore, suppression of joint destruction in animal models of RA was shown by blocking VEGFR-1, suggesting that high levels of VEGF expression in lining cells could be a factor promoting joint destruction [27] .
VEGF is a critical mediator of blood vessel formation during development and in pathological conditions. After secretion, VEGF becomes bound to the extracellular matrix. A recent study demonstrated that a subset of metalloproteinases can cleave VEGF, and that soluble VEGF and matrix-bound VEGF provide different angiogenic outcomes. Matrix-bound VEGF induces extensive growth and branching of vessels, while cleaved VEGF promotes dilatation of existing vessels [28] . In addition to other factors, a higher frequency of VEGF expression (both matrix-bound and soluble VEGF) in the vessels of the T pattern group might participate in the generation of the dense, dilated, bushy morphology characteristic of this pattern by signalling of VEGFR-2 (KDR/flk). However, it will be necessary to be able to discriminate matrix-bound from cleaved VEGF isoforms to achieve greater insight into this process. Although the global expression of TGF-was higher in the T than in the S pattern, almost 50% of patients with the T pattern did not express TGF-in the perivascular infiltrate. The pathophysiological relevance of these findings is unclear. However, in order to determine the real role of differential synovial location of angiogenic mediators, microdissection studies would be necessary. Furthermore, angiogenesis and vessel patterning are very complex phenomena and they implicate multiple mediators acting simultaneously or sequentially, such as angiopoietins, neuropilins, semaphorins, ephrins and ephs receptors, making it extraordinarily difficult to determine its clinical implications [29] .
This study had several limitations. Firstly, the small number of patients included, typical of this type of study, makes it difficult to find significant differences between groups and, therefore, to draw definite conclusions. However, we believe that the study may provide useful pathophysiological insights into the disease. Secondly, the design of the study was cross-sectional; a prospective study would permit comparison of patients with distinct vascular patterns and the same disease duration, allowing clarification of the relationship between vascular pattern and clinical and radiographic outcome. Thirdly, the classification of the M vascular pattern is subjective and a consensus between researchers in this area is necessary [9] .
In conclusion, this study confirms that there are three different synovial vascular patterns in RA and suggests for the first time that patients with the S pattern have a poorer outcome than patients with the T pattern. Patients with the M pattern seem clinically and biologically very similar to patients with the S pattern. Furthermore, differential synovial expression and location of VEGF and TGF-could have pathophysiological relevance. However, larger, prospective multicentre studies would be necessary to confirm and extend these findings.
